Abstract
Introduction
Hirschsprung's disease (HSCR), also known as aganglionosis, is an infrequent congenital gut motility disorder characterized by absence of enteric neurons along a variable length of the distal gut. HSCR is caused by either failed migration of enteric neural crest-derived cells (ENCCs) into the intestinal tract or due to a failure in survival, proliferation or differentiation of ENCCs once they reach the gut [1] . HSCR, which occurs 1 in 5000 live births with an overall 4:1 male predominance, often presents with delayed passing of meconium has a complex genetic etiology with a number of genes including those rearranged during transfection (RET) proto-oncogene, glial cell-derived neurotrophic factor (GDNF), GDNF family receptor alpha 1 (GFRa1), neurturin (NRTN), endothelin receptor type B (EDNRB), transcriptional factors or other cell elements that are usually involved in the neural crest cell development and migration during the ENS development [3] . Moreover, the RET protooncogene is considered the major disease causing gene in HSCR [4] .
MiRNAs are small non-coding RNA molecules of about 22 nucleotides, which bind to the 3'-UTR of target mRNAs leading to either mRNA degradation or prevention of translation in numerous tumors and biological processes [6, 7] . But to date, few studies have looked at miRNAs in the context of HSCR. MiR-200a/141, the miR-200 family, playes an important role in the pathogenesis of HSCR, which has been reported in our previous study [8] . It is critical to pay attention to the effects of miRNAs during ENCCs development and migration in human HSCR generation in order to gain a better understanding of this disease.
Host gene is the concept that a miRNA is transcribed in parallel with its host transcript. The miRNA sequence is often located in an exon or intron of its host gene [9] . Many miRNAs have host genes and in turn these miRNAs have effects on disease progression [10, 11] . For instance, miR-218-2 and its host gene SLIT3 cooperate to promote invasion and progression their related host genes have been observed to be involved in embryo peripheral nervous system development, especially during ENS development.
In this study, we investigated the functional involvement of miR-215 and its host gene Ig-like lectin 8 (SIGLEC8), which is one member of the CD33-like subgroup of SIGLECs. In this study, we conducted the experiment to explore that the IARS2-miR-215-SIGLEC8 pathway may play a crucial role in the pathogenesis of HSCR.
Materials and Methods

Statement of ethics and sample collection
In our study, colon tissue samples from 70 HSCR patients were collected. These patients were colon tissues. The 62 matched controls were acquired from non-ischemic non-necrotic colon tissues of patients receiving surgical treatment for intussusception or incarcerated inguinal hernia. The tissues of Nanjing Medical University and all samples were collected after obtaining informed consent from participating patients.
Statistical analysis
Experimental data of tissue samples are presented as box plots of the median and range of logtransformed relative expression level, which was analyzed by Wilcoxon rank-sum (Mann-Whitney) test. The results obtained from in vitro experiment assays are presented as mean ± SEM from three separate experiments conducted in triplicates per experiment. The data were analyzed by double-sided Student's between case and control groups. Statistical analysis was performed using STATA 9.2 and presented with
Results
Results of sample information analysis
A total of 132 human colon tissue specimens, including 70 HSCR patient colon tissues and 62 matched controls, were analyzed in this study. Clinical information, including gender (Male/Female), age and weight, was obtained from patients both with and without HSCR.
0.23 months old) and body weight (5.4 ± 0.35 and 5.1 ± 0.19 kg) between HSCR patients and control patients. Furthermore, the gender rate (Male/Female) of HSCR and control patients was 55/15 and 48/14, respectively, which matched the gender rate of this disease.
iRwas signi icantly down-regulated in SCR patient colon tissues
miR-215 might be important in the pathogenesis of HSCR. 
MiR-215 inhibitor suppressed cell migration and proliferation
We then examined the functional of miR-215 on cell migration, cell proliferation, cell apoptosis and the cell cycle. When we transfected the 293T and SH-SY5Y cell lines with miR-215 inhibitor/mimics and control, the expression of miR-215 change correspondingly (Fig. 2B) , we observed that both the number of migrated cells and the proliferation rate apoptosis progression of cells transfected with miR-215 inhibitor were very similar to that of the negative control (Fig. 2C) . We concluded that miR-215 plays an important role in HSCR pathogenesis by affecting cell migration and proliferation ability.
S
C-was up-regulated in SCR patient colon tissues Consistent with the mechanism and function of miRNA, we predicted that miR-215 regulates one or more genes to produce biological effects. We searched DIANA LAB (www. microrna.gr) and TargetScan (www.targetscan.org) databases to predict target genes that may potentially be regulated by miR-215. The results showed that miR-215 binds to the control tissues. Among the aforementioned predicted genes, we found that the expression (Fig. 1C) . Moreover, linear analysis showed a negative correlation between the expression might be regulated by miR-215. However, there was no difference in the expression levels of were consistent with mRNA expression levels (Fig. 1D) . These results suggested that the SIGLEC-8 gene might be the target gene of miR-215.
SIGLEC-8 was the target gene of miR-215
We transfected human 293T and SH-SY5Y cell lines with either miR-215 inhibitor or a negative control. SIGLEC-8 mRNA expression levels were evaluated 48 h after transfection. This showed that the relative expression levels of SIGLEC-8 mRNA were increased with miR- (Fig. 3A) .To investigate whether SIGLEC-8 is regulated by miR-215 binding to the 3'UTR of its mRNA sequence, both the wild-type and mutated luciferase reporter plasmids (containing the binding region of the 3'UTR of SIGLEC-8 mRNA) were constructed and a miRNA luciferase reporter assay was performed (Fig. 3B) . Results showed that co-transfection of miR-215 relative to the control, in cell lines suggesting that miR-215 directly targets SIGLEC-8 (Fig.  3C) .
SIGLEC-8 siRNA may partly reverse biological changes induced by miR-215 inhibitor
A set of rescue experiments were performed to investigate whether the increased level of SIGLEC-8 is directly contributing to the cell migration and cell proliferation induced by the miR-215 inhibitor. When we transfected cell lines with only miR-215 inhibitor, as mentioned before, we found that cell migration and proliferation were decreased. However, when we co-transfected SIGLEC-8 siRNA with miR-215 inhibitor, this partially rescued the functional changes to cell biology that resulted from the miR-215 inhibitor (Fig. 4) .
IARS2, the host gene of miR-215, was also down-regulated
The miR-215 gene resides in intron 12 of its host gene, IARS2. We found that IARS2 expression levels were distinctly lower in HSCR tissues than control tissues (Fig. 1A) .
transcribed together with its host gene IARS2. The protein levels of IARS2 showed the same tendency (Fig. 1D) suggesting IARS2 down-regulation might play a vital role in the pathogenesis of HSCR.
Low expression of IARS2 suppressed cell migration and proliferation in cell lines
To detect whether IARS2 plays an important role in the pathogenesis of HSCR, we conducted transwell and CCK-8 assays to detect cell migration and proliferation potential in human 293T and SH-SY5Y cells that have been transfected with IARS2 siRNA. and D, down-regulation of IARS2 inhibited cell proliferation, which was consistent with the cell migration assay.
Discussion
Hirschsprung's disease causes an uncommon congenital digestive tract in newborns characterized by an absence of enteric neurons in myenteric and submucosal plexus along a variable portion of the distal gut [14] . Failure of ENCCs to colonize the entire gut plays a leading role in ENS dysfunction. The migration and proliferation of ENCCs, neuronal and glial reported as the main process involved in the development of the ENS [15] . ENCCs go through a several week long journey to reach the distal intestinal tract during embryogenesis [16] ; therefore factors that affect migration, proliferation, survival or differentiation of ENCCs could lead to aganglionosis, followed by HSCR. [24] . In our study, we found that the expression level of IARS2 repressed cell migration and proliferation in human 293T and SH-SY5Y cells. We propose that IARS2 down-regulation may act in concert with miR-215 to play an important role in the pathogenesis of HSCR by affecting ENCC cell migration and proliferation. In this study, we have discovered a novel mechanism in that down-regulation of IARS2 inhibits cell migration and proliferation; meanwhile, co-expression of miR-215 inhibits cell migration and proliferation via targeting SIGLEC-8 in the pathogenesis of HSCR. But, our
